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® Method and apparatus for forming an anti-reflection film for a cathode-ray tube. 

® An anti-refiection film (2) is produced on the panel surface of a cathode-ray tube (1) by: 

(A) preoaring a solution (8) for forming an anti-refiection film (2), which contains water and an alkoxide having 
the formula, 
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M(OR)n 

wherein M is Si or a metal seiecied from the group consisting of Ti, Al, Zr, Sn, In, Sb and Zn; R is an alky! 
group having 1-10 carbon atoms; n is an integer of from 1 to 8; and when n is not 1, the alkyl groups 
represented by R may be the same or different, 

(B) coating the solution fS) for forming an anti-refiection film (2) on the outermost surface of the panel of a 
cathode-ray tube (1), and 

(C) applying an ultraviolet light (7) to the solution (8) for forming an anti-refiection film (2) coated on said 
surface to cure the solution to form a transparent film with fine roughness. 

This production method is carried out using an apparatus having: 

(a) a coating means (3) for coating the above solution (8) for forming an anti-reflection film (2) on the 
outermost surface of the panel of a cathode-ray tube (1), 

(b) a transferring means (4) for transferring the solution-coated cathode-ray tube (1), and 

(c) an ultraviolet light-applying means (7) for photocuring the solution (8) coated on the cathode-ray tube (1) 
during the transfer of the solution-coated cathode-ray tube. 
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In the above method, when a silicon alkoxide is used as the metal alkoxide, there can be obtained a 
cathode-ray tube having an anti-reflection film made of alkali-free silica on the outermost surface of the panel, 
said anti-reflection film giving a ratio of Si-O-Si peak intensity to Si-OH peak intensity of 4 or more when 

measured for infrared spectrum. 

Further err^bodiments include an antistatic layer and the inclusion of an organic dye into the anti-reflectton 

film. 



FIG. 2 
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Field of the Invention 

The present invention relates to an anti-reflection film formed on the surface of the panel of a cathode- 
ray tube. More particularly, it relates to a method for forming an anti-reflection film on the panel surface of a 
5 cathode-ray tube, an apparatus used for carrying out the method and a cathode-ray tube having an anti- 
reflection film on the panel surface. 

The present invention also relates to a coating film of silica important for the antistatic film or protective 
film for electric appliances and a method for preparing the film at relatively low temperatures. 

10 Prior Art 

In recent years, cathode-ray tubes have been required to be of high performance and good visibility, in 
order to meet the requirement, an anti-reflection film is formed on the panel surface of a cathode-ray tube, 
which film contributes to the improvement of the visibility and to the protection of the panel surface (JP-A- 

75 61-1 18946, JP-A-62-1 43348 and JP-A-63-76247). 

In the conventional method, an anti -reflection film is formed by applying a solution containing Si(0R)4. , 
wherein R is lower alkyl, on the panel surface of a cathode-ray tube by means of spray-coating or spin- 
coating and heating the solution-coated surface at a temperature of 160 'C, although the temperature is so 
high that the cathode-ray tube is often damaged, to decompose the coated solution to form a SlOz film. 

20 This Si02 film imparts roughness on the panel surface of the cathode-ray tube and serves as an anti- 
reflection film. 

It is also possible to form two or more films, in place of a single film, on the panel surface of a cathode- 
ray tube. In this case, the assembly of the films having surface roughness is sometimes called "anti- 
reflection film". The surface roughness of the anti-reflection film allows an incoming light to give rise to 

25 diffuse reflection and thereby makes better the visibility of the image displayed on the cathode-ray tube. 

There are some cathode-ray tubes having an electrically conductive film under the anti-reflection film to 
improve the performance through the prevention of the electrification of the pane! surface of the cathode-ray 
tubes. The assembly of the anti-reflection film and the eiectncally conductive film is sometimes called "anti- 
reflection antistatic film". Also, there are some color cathode-ray tubes having either an anti-reflection film 

30 containing an organic dye or an under coat layer for anti-reflection film containing an organic dye in order to 
make clearer the colors of their images. The anti-reffection film containing an organic dye or the assembly 
of the anti-reflection film and the under coat layer containing an organic dye is sometimes called "colored 
anti-ref lection film". 

As the method for forming a thin film on a substrate by applying a light to a metal alkoxide, there is 

35 known a photo CVD (JP-B-4-20982). In this method, an oxide thin film is formed based on the gas-phase 
decomposition reaction of a metal alkoxide by light application. Accordingly, the method is essentially 
different from the method of the present invention in which a light is applied to form an oxide thin film 
based on a liquid phase chemical synthesis reaction. 

The above-mentioned conventional glare filnn. anti-reflection film, etc. are each formed by coating a Si- 

40 (0R)4 solution on the panel surface of a cathode-ray tube equipped with an electron gun etc. and baking 
the coated solution at a high temperature to give rise to thermal decomposition to form a Si02 film. The 
baking is conducted at a temperature between 160*C and 180'C for 30 minutes or more. Such severe 
conditions give an adverse effect on the inside of the cathode-ray tube and reduces the performance of the 
cathode-ray tube. In particular, the performance of electric gun is so badly damaged that the emission 

45 property is often deteriorated. ~ 

The severe baking conditions further give rise to cracking and peeling of the anti-reflection film due to 
the difference in thermal expansion coefficient between the anti-reflection film and the panel surface of the 
cathode-ray tube. Hence, the temperature elevation up to the baking temperature must be carefully 
conducted at a rate not higher than 5'C/mln. By the limitation, a troublesome rate control of the 

50 temperature elevation is necessary and the total baking time is obliged to be lengthened. Moreover, a large 
furnace for the baking enlarges the apparatus for forming an anti-reflection film and disadvantageously 
raises the production cost. 

For another film coated on the panel surface of a cathode-ray tube, an antistatic film, a film containing 
electroconductive fine particles distributed in silica is available. The method for preparing sucn a film 

55 includes CVD method and sputtering method. However, these methods require huge apparatuses so that 
they are not suited for carrying out the coating of a film on such a relatively wide surface as displays have. 
The formation of the film is usually carried out by the so-called sol-gel method which comprises selecting a 
solution of an organometallic compound or a metal complex as a starting material solution, hydrolyzing the 

3 
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starting material to prepare a metal cluster compound having metalKDxygen-metal linkages, f°;';"j9 a film 
with the metal cluster compound and subjecting the film to heat-treatment. Also, the thin s.lica filrn used as 
an insulating film for liquid crystal displays is usually prepared by sol-gel method. "^"^^^^^'"J^'f .^^°'!: 
mentioned conventional method for forming a coating film for displays, organic ^"/^P^""'^^ ed 
impurities in the starting materials. Therefore, it is necessary to carry out heat-treatment at elevated 
ternperatures for removing the impurities and for making the film dense. In viev, of the damages g.ven o 
the interior of the cathode-ray tubes or displays such as distortion and warp by heat, it .s not desirable to 
carry out heat-treatment at elevated temperatures in the method for producing cathode-ray tubes or 
displays. Thus, the formation of a dense film at low temperatures would be desirable. 

SUMMARY OF THE INVENTION 

The present invention has been made in order to solve the above-mentioned problems of the prior art 
An object of the present invention is to provide a method for formation of anti-reflect.on film on the 

;s panel surface of a cathode-ray tube. „ « ,» .-ih 

Another object of the present invention is to provide an apparatus suitably used tor carrying out said 

method. 

According to the present invention, there are provided: 

a method for forming an anti-reflection film on the panel surface of a cathode-ray tube, which comprises 
the^steps^of^^^^^ a solution for forming an anti-reflection film, which contains water and an alkoxide having 
the formula, 

M(OR)n 

wherein M is Si or a metal selected from the group consisting of Ti. Al, Zr, Sn, In, Sb and 2n: R is an 
alkyl group having 1-10 carbon atoms: n is an integer of from 1 to 8; and when n is not 1, the alkyl 
groups represented by R may be the same or different 

(B) coating the solution for forming an anti-reflection film on the outermost surface of the panel of a 

30 cathode-ray tube, and 

(C) applying an ultraviolet light to the solution for forming an anti -reflection rilm coated on said surrac. to 
cure the solution to form a transparent film with fine roughness; 

an apparatus for forming an anti-reflection film on the panel surface of a cathode-ray tube, which 



comprises: 



35 



(a) a coating means for coating on the outermost surface of the panel of a cathode-ray tube a solution 
containing water and an alkoxide having the formula, 



M(OR)n 

40 wherein M is Si or a metal selected from the group consisting of SI. Ti, Al, Zr. Sn. in, Sb and Zn; R is 

an alkyl group having 1-10 carbon atoms; n is an integer of from 1 to 8; and when n is not 1. the alkyl 
groups represented by R may be the same or different, 

(b) a transferring means for transferring the solution-coated cathode-ray tube, and 

(c) an ultraviolet light-applying means for photocuring the solution coated on the cathode-ray tube 
45 during the transfer of the solution-coated cathode-ray tube; 

a cathode-ray tube having an anti -reflect! on film made of alkali-free silica on the outermost 
surface of the panel, said anti-reflection film giving a ratio of Si-O-Si peak intensity to Si-OH peak 
intensity of 4 or more when measured for infrared spectrum; 

a display which compnses a film mainly composed of silica which film absorbs a light having a 
50 wavelength of 250 nm more intensely than a light having a wavelength of 190 nm; 

a display which comprises a film mainly composed of silica which film does not substantially 
fluorescent when irradiated by argon gas laser at an output power of lOO mW; 

a display which comprises a film mainly composed of silica, 

the percentage of the number of bending Si-O-Si linkages in the film, which linkages give an 
=5 absorption peak corresponding to its asymmetric stretching vibration when analyzed by Raman 

spectroscopic analysis, relative to the total number of straight and bending Si-O-Si linkages m the film 
determined by Raman spectroscopic analysis being not more than 30%. and 

an absorption peak corresponding to the symmetric stretching vibration of Si-O-Si linkages 
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appearing at a region of which frequency is not lower than 812 cnn~'; 

a cathode-ray tube having an antistatic function and anti-reflection function which comprises: 

at least one eiectroconductive film formed on the panel surface of a cathode-ray tube, selected 

from the group consisting of: 

5 (i) a film mainly composed of silica which film absorbs a light having a wavelength of 250 nm more 

intensely than a light having a wavelength of 190 nm and further comprises at least one metal 
oxide selected from the group consisting of indium oxide, tin oxide and antimony oxide, 

(ii) a film mainly composed of siiica which fiim does not substantially fluorescent when irradiated 
by argon gas laser at an output power of 100 mW and further comprises at least one metal oxide 

^0 selected from the group consisting of indium oxide, tin oxide and antimony oxide, and 

(iii) a film mainly composed of silica which film further comprises at least one meta! oxide selected 
from the group consisting of indium oxide, tin oxide and antimony oxide, 

the percentage of the number of bending Si-O-Si linkages in the film, which linkages give an 
absorption peak corresponding to its asymmetric stretching vibration when analyzed by Raman 
75 spectroscopic analysis, relative to the total number of straight and bending Si-O-Si linkages in the 

film determined by Raman spectroscopic analysis being not more than 30%. and 

an absorption peak corresponding to the symmetric stretching vibration of Si-O-Si linkages 
appearing at a region of which frequency is not lower than 812 cm~\ and 

at least one film formed on the eiectroconductive film so as to have a rough surface, selected 
20 from the group consisting of: 

(i') a film mainly composed of silica which film absorbs a light having a wavelength of 250 nm 
more intensely than a light having a wavelength of 190 nm and is free from a metal oxide other 
than siiica, 

(ii') a film mainiy composed of silica which film does not substantially fluorescent when 
25 irradiated by argon gas laser at an output power of 100 mW and is free from a metal oxide other 

than silica, and 

{iii') a film mainiy composed of silica which fiim is free from a metal oxide other than silica. 

the percentage of the number of bending Si-O-Si linkages in the fiim, which linkages give an 
absorption peak corresponding to its asymmetric stretching vibration when analyzed by Raman 
30 spectroscopic analysis, relative to the total number of straight and bending Si-O-Si linkages in 

the film determined by Raman spectroscopic analysis being not more than 30%, and 

an absorption peak corresponding to the symmetric stretching vibration of Si-O-Si linkages 
appearing at a region of which frequency is not lower than 312 cm~^ and 

a liquid crystal display which compnses: 
35 at least one insulating film formed on transparent electrodes, selected from the group 

consisting of: 

(i") a film mainiy composed of silica which film absorbs a light having a wavelength of 250 
nm more intensely than a light having a wavelength of 190 nm, 

(ii") a film mainly composed of silica which fiim does not substantially fluorescent when 
'^o irradiated by argon gas laser at an output power of 100 mW, and 

(iii") a film mainly composed of silica, 

the percentage of the number of bending Si-O-Si linkages in the film, which linkages give 

an absorption peak corresponding to its asymmetric stretching vibration when analyzed by 

Raman spectroscopic analysis, relative to the total number of straight and bending Si-O-Si 
^5 linkages in the fi'im determined by Raman spectroscopic analysis being not more than 30%, 

and 

an absorption peak corresponding to the symmetric stretching vibration of Si-O-Si 
linkages appeanng at a region of which frequency is not lower than 312 cm"', and 

a cell composing liquid crystal molecules sandwicned between substrates with oriented 
50 films, formed on the insulating film. 

BRIEF DESCRIPTION OF THE DRAWINC3S 

Fig. 1 is a schematic drawing showing a method for forming an anti-reflection film on the panel surface 
55 of a cathode-ray tube. 

Rg. 2 is a schematic drawing showing an apparatus of the present invention used for forming an anti- 
reflection film on the panel surface of a cathode-ray ;ube. 
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In Figs 1 and 2 1 is a cathode-ray tube; 2 is an anti-reflection film; 3 is a spray gun; 4 is a conveyor, 5 
is a supporting table; 6 is a hood; 7 is an ultraviolet lamp; and 8 is a solution for forming a film 

Rg 3 shows the Ultraviolet absorption spectra of a film prepared according to the conventional method 
by soMy heating at 100' C and a film prepared according to the method of the present invention by 
5 irradiating light while heating at 100' C. , u ^- c- o c- 

FiQ 4 shows the relationship between the heating temperatures and the numbers of bending Si-O-S, 
linkages per silicon atom, the numbers of bending and straight Si-O-Si linkages per silicon atom and the 
numbers of Si-OH and bending and straight Si-O-Si linkages per silicon atom. 

Fin 5 shows a family of curves of Raman shift vs. peak intensity at four different heating temperatures. 
,0 Fig 6 shows the relationship between the heating temperature and the Raman shift of the symmetric 
stretching vibration of Si-O-Si linkage. It demonstrates the dependency of the Raman shift on the heating 

Rg^Tshows the relationship between the heating temperature for preparing thin silica films and the 
etching speed by hydrofluoric acid. 
,5 In Fig 3 9 indicates the spectrum for the film prepared according to the conventional method and 10 
indicates the spectrum for the film prepared according to the method of the present invention. 

In Rg 5 11 indicates the peak assigned to the cyclic Si-O-Si linkage. 12 indicates the peak assigned to 
the symmetric stretching vibration of Si-O-Si linkage. 13 indicates the peak assigned to Si-OH linkage, and 
U indicates the peak assigned to the asymmetric stretching vibration of Si-O-Si linkage. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

In the so-called sol-gel method, a metallic ion or a metal alkoxide is hydrolyzed to produce a hydrous 
oxide sol- the hydrous oxide sol is dehydrated to produce a gel; the gel is heated to produce an inorganic 
oxide as a desired structure or as a film on a substrate. Such the sol-gel method has been used in forming 
an anti-reflection film on the panel surface of cathode-ray tubes. , ^. ^ . 

However in the sol-gel method, the use of a metallic ion as a starting material disadvantageous^y 
leaves alkali metal(s) (e.g. sodium and potassium) in the anti-reflection film as a ^"^^'^ 
heating of cathode-ray tube at a high temperature gives an adverse effect on the inside of cathode-ray tuoe^ 
In particular, it often damages the electric gun in cathode-ray tubes, thereby the emission property of the 
tubes is deteriorated. . . , , 

In the method of the present invention, a specific Si or metal alkoxide is used as a starting material and 
an ultraviolet light is used for curing in place of heat energy, whereby an anti-reflection film is formed on .he 
panel surface of cathode-ray tube. This approach can solve the above-mentioned problems and further 
35 enables the reduction of the processing time. 

The solution for forming an anti-reflection film used in the present method contains water ana an 

alkoxide having the formula, 



25 



30 



M(OR)„ 



40 



wherein M is Si or a metal selected from the group consisting of Ti. Al. Zr, Sn. In. Sb and Zn; R is an alkyi 
aroup having 1-10 carbon atoms; n is an integer of from 1 to 8; and when n is not 1, the alkyl groups 
represented by R may be the same or different. The Si or metal alkoxide is hydrolyzed by the catalytic 
action of an acid or an alkali, whereby some of the alkoxy groups are replaced by hydroxyl groups to form 
45 a compound represented by 



(RO)niMOH 

so 



This intermediate compound formed by partial hydrolysis reacts with other Si or metal alkoxide molecules 
and grows into a condensation product represented by the following formula [1], 
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n 



wherein M is Si or a metal and n is an integer. 

M is preferably silicon. The aikyi group R is preferably an alkyi group having 1-5 carbon atoms, more 
rs preferably methyl or ethyl. The solution for forming an anti -reflection film may contain, besides water and 
the metal alkoxide, a diluent (e.g. alcohol) and an organic dye. Incidentally, preliminary application of an 
ultraviolet light to the solution for forming an anti-reflection film prior to the coating of the solution on the 
outermost surface of the panel of a cathode-ray tube is preferable, because it accelerates the curing of the 
coated solution. 

.-n The solution for forming an anti-reflection film is coated on the outermost surface of the panel of a 
ratnnrlf^ray tube. The means for the coating is not critical; however, the coating is preferably carried out by 
spraying 

The sciutjon for forming an anti-reflection film coated on the outermost surface of the panel of a 
cathode-fay tube is irradiated with an ultraviolet light to cure the coated solution to form a transparent film 
having fine roughness. The wavelength of the ultraviolet light applied is usually 400 nm or less, preferably 
350 nnn or less. The intensity of the ultraviolet light is usually 5-50 mW/cm-, preferaiDly 10-30 mW/cm^, 
more preferatDly 10-20 mW/cm^. Tne time of irradiation is usually 5 minutes or more, preferably 10 minutes 
or more, more preferably 10-100 minutes. 

It is possible to form an antistatic film between the panel surface of a cathode-ray tube and the anti- 

30 reflection film. For making the antistatic film, there is usually used a uniform dispersion of f1) ultrafine 
particles of tin oxide and antimony oxide, (2) ultrafine particles of indium oxide and tin oxide or (3) a mixture 
of zinc oxide and aluminum, in a matrix such as silica or the like. It is also possible to form an. under coat 
layer containing an organic dye between the panel surface of a cathode-ray tube and the anti-reflection film. 
It IS also possible to form an under coat layer containing an organic dye and an antistatic film between the 

35 panel surface of a cathode-ray tube and the anti-reflection film, in this case, there are formed, on the panel 
surface of a cathode-ray tube, an under coat layer, an antistatic film and an anti-reflection film in this order. 
Thus, the person skilled in the art may optionally form fitm(s) and layer(s) having respective functions 
between the panel surface of cathode-ray tube and the anti -reflection film. 

In the present method, heating may be applied simultaneously with the application of an ultraviolet light, 

40 in such a temperature range as to give no adverse thermal effect on the inside of cathode-ray tube. The 
heating temperature is, with increasing preference. 180'C or less, 160*C or less, 120'C or less, 100*C or 
less, and 80 ' C or less. 

The present method can be suitably carried out by using an apparatus for forming an anti-reflection film 
on the panel surface of a cathode-ray tube, which comprises: 
45 (a) a coating means for coating on the outermost surface of the panel of a cathode-ray tube a solution 
containing water and an alkoxide having the formula, 



50 wherein M is Si or a metal selected from the group consisting of Ti. At, Zr, Sn, In, Sb and Zn; R is an 
alkyI group having 1-10 carbon atoms; n is an integer of from l^to 8; and when n is not 1, the alkyI 
groups represented by R may be the same or different, 

(b) a transferring means for transferring the solution-coated cathode-ray tube, and 

(c) an ultraviolet light-applying means for phoTocuring the solution coated on the cathode-ray tube duhng 
55 the transfer of the solution-coated cathode-ray tube. The apparatus may further comprises: 

(d) a heating means for heating the solution coated on the cathode-ray tube, during the application of an 
ultraviolet light to said solution. 



M(OR)n 
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When a silicon alkoxide is used as the alkoxide. the camode-ray tube P^^^^^^^J ^^^^^ 
mentioned method has an anti-reflection film made of a,Mi-free s,l,ca on '^l^^^'^r^^^^^^ 
the anti-reflection film giving a ratio of Si-O-Si peak intensity to S.-OH peak intensity of 4 

measured for infrared spectrum. , , ; „ nviriP hased on the above-mentioned 

The sol-gel method synthesizes an inorganic polymer, i.e. an oxide, based on the ao 
hydrolysis reaction and condensation reaction. In the present invention. ^^^^^^^^^^Z^Zo^^^ 
accomplished by applying an ultraviolet light to feed an energy necessary for the S. or metal alkoxide group 
I- =r,H ni«P ri<5e to the scission of the Si or metal-alkoxide group linkage. 

'■"Tth" p^e in:^^^^^^^^^^^^^ possible to apply a light having a ^-'-gth cap jie of genera^n^ 

ozor^e to a thin film formed on the panel surface of a cathode-ray tube to form an oxide thin fi m of unifo m 
compoStion at a low temperature. This requires no high-temperature application as. employed ,n film 
formation by baking, enabling production of a high-performance cathode-ray tube. 

S m aJ films oLr than the anti-reflection film, for example, antistatic ^' YlroThe« 
be formed by the above method. By the irradiation of light on such a film at ^J^^^^J^rby he 

UV absorption band of the film in the vicinity of 200 nm and the fluorescence of the film <=^"^^^^yj"^ 
^raaSon of argon gas laser are disappeared. The molecular structure of the film can be detected by solid 
^sSmR and Raman spectroscopic analysis. By the solid «Si-NMR method, the intensities of Qo - 

(SKOHU nSoHMOSi)), O: (SKOHMOSi,, 0. ^Si(OHHO..) and O (SKO^^^^^ 
number of Si-O-Si linkages in the film - 3'-" x 2 . =c ^.5J Q= ^ ^ °f ^ eharacteristc and 

Si-OH linkages in the film is given by Q3 + Qa x 2 + Q, x 3 + Qo ^^.j ^^en the 

strength of the Si-O-Si linkage are informed by Raman ^P^^»^°==°P'J. ^^3^ ^^^e fUm are 

symmetric and asymmetric stretching vibrations are observed, many of the S'-O-S. ^nkages in t 
hindinn Tn the contrarv when only the symmetric stretching vibration is obsen/ed and no asynY"etric 
tr ng v bfa 0^^^^^^^^^^ the Si-O-Si linkages in the film are straight. the^^^^^^^^ 

Hnkaae is much strained, the film containing many bending Si-O-Si linkages is weak. In contrast, since the 
Sht Si O Si Hnkage is stable, the film containing many straight Si-O-Si 'i^^ages can be said to be 
superSr i mechanical strength. The higher the frequency at v.hich the peak of Raman shift '^o^serv^ he 
stronger the S^-O-Si linkage Therefore the molecular structure, its change and its strength are quantte- 
Svely expressed by the peak intensities and Raman shift given by Raman spectroscopic analysis. The 
rharacteristics of the film can be evaluated by an etching test with hydrorluoric acid. 

m repared according to the method of the present invention absorbs ^'-'^^j;^^-^ 
of 250 nm more intensely than a light having a wavelength of 190 nm. It does not ^f^tantially fluorescent 
When .rdlated by argon'gas laser at an output power of 100 mW. In ^^^X'J::^XT.TuTz^^ 
heat-treatment without light irradiation absorbs UV lights having a wavelength shorter than around 300 nm 
The s'ZTL wavelength, the more intense the absorption. Also, the film prepared solely by heat- 
fiuarescents over several hours when irradiated by laser. 
Z llZl^^cn film is formed on the panel surface of a cathode-ray tube using J^e f.lm prepared 
according to the method of the present invention and the anti-reflection film is an^V-^^ bV Raman 
soec roscopic analysis. As a result, the peak corresponding to the symmetric stretching vibration of S.-O-S. 
Se appTarrin the region of which frequency is not lower than 812 cm"'. Based on the data and the 
TsumpSns ma (1) all the Si-O-Si linkages in the film prepared by drying at room temperature re 
b;ndZ S all the Si-O-Si linkages in the film prepared by drying at 200 'C are str^ght and 1.1) in the 
condSs beteen (i) and (ii). the ratio of the numbers of bending Si-O-Si 'J^f ^ ^ VtHsl^SS 
linkages is proportional to the ratio of the peak intensities at the ^^^^ "'''^ . ?2h .^oe o^^^^^^ 
stretching vibration and that assigned to symmetric stretching vibration, the amounts 0 eac ^ e of t e S. 
O Si linkaces are calculated As a result, the percentage of the number of bending Si-O-Si linkages in the 
L r Se oTe toS number of straight and bending Si-O-Si linkages In the film ,s found to be no m^re 
thali 30%. The thus prepared film shows high lasting quality when sub,ected to an etching test with 
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hydrofluoric acid. 

The present invention is hereinatter described by way of Examples. 

Example l 

Description is made on the formation of an anti -reflection film. 

To 20 ml of an ethanoi solution (solution A) containing 0.5 mole/t of sihcon ^^^^^^^^^'^'^^f^'^^^,;*; 
was added a mixed solution (solution B) consisting of 20 ml of an ethanoi solution conta.n.ng 0.5 mo ie t of 
water and 1 ml of an ethanoi solution contam.ng 0.1 mole/t of hydrochloric ac.d at a rate 0-2 m.m-^ 
prepare a un.form solution. To the uniform solution was applied a light hav.ng a wavelength of 210 nm 
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which corresponded to the absorption wavelength of silicon tetraethoxide for 30 minutes. 

The resulting solution was sprayed onto the panel surface of a cathode-ray tube 1 using a spray gun 3 
as shown in Fig. 1 to form a coating film 2. Then, a light having a wavelength of 184 nm necessary for 
ozone oxidation was applied to the coating film 2 for 100 minutes to form an anti-reflection film. 

5 The analysis of the molecular structure of the anti-reflection film by Fourier transform infrared 

spectroscopy showed that the ratio of Si-O-Si peak intensity to Si-OH peak intensity was 4.70. The ratio is 
larger than that (3.90) of a conventional anti-reflection film which is obtained by baking at 160"C. The fact 
leads to the conclusion that the anti-reflection film according to the present invention obtained by ultraviolet 
light application contains a -Si-O-Si- network structure in a larger amount than does the conventional anti- 

10 reflection film obtained by baking. In other words, the method of the present invention gives a denser anti- 
reflection film than the conventional method. An anti-reflection film having a higher ratio gives a film of high 
quality, a ratio of 4 or more being desirable for this purpose. 

Example 2 

75 

Description is made on the formation of an anti-reflection antistatic film. 

To 20 mi of the solution A were added 20 ml of an ethanol solution containing 0.5 mole/1 of water and 2 
ml of an ethanol solution containing 0.5 mole/t of tin ethoxide [Sn{OCo Hs)*]. or was added a suspension of 
ultrafine particles of tin oxide doped with antimony In ethanol. To the resulting solution was added the 
20 solution B at a rate of 0.2 ml/min to prepare a uniform solution. To the solution was applied a light of 210 
nm for 30 minutes. The resulting solution was spin-coated (or sprayed using a spray gun) on a cathode-ray 
tube to form a coating film. To the coating film was applied a light having a wavelength of 1 84 nm 
necessary for ozone oxidation for 100 minutes to form an anti-reflection antistatic film. On this film was 
formed an anti-refiection film in the same manner as in Example 1 . 

25 

Example 3 

Description is made on the formation of a colored anti-reflection film. 

The solution B was added to 20 ml of the solution A at a rate of 0.2 ml/min. To the resulting solution 
30 was added an ethanol solution containing a light-fast organic dye of quinachdone type having an absorption 
wavelength at about 570 nm in an amount of about 5% based on the silicon tetraethoxide in the solution A. 
To the thus obtained solution was applied a light of 210 nm for 30 minutes. The resulting soluiion was 
coated on the panel surface of a cathode-ray tube using a spinner to form a coating film. To the coating film 
was applied a light having a wavelength of 184 nm necessary for ozone oxidation for 100 minutes to form a 
35 colored anti-reftection film. 

Thereon were formed an anti-reflection antistatic film and further thereon an anti-reflection film in the 
same manners as in Examples 1 and 2. 

The conditions for formation of the above colored anti-refiection film were as follows. That is, the 
solution to be applied was dropped on the pane! surface of a cathode-ray tube; the surface was rotated at 5- 
40 30 rpm to form a uniform film; then, the surface was rotated at 150 rpm for 30 seconds; thereafter, the light 
was applied. 

Example 4 

45 Fig. 2 shows a schematic drawing of an apparatus for forming an anti-reflection film on the panel 
surface of a high-performance cathode-ray tube. 

A cathode-ray tube 1 on which a coating film is to be formed is fixed to a supporting table 5 provided 
on a conveyor 4 which moves in a hood 6. On the panel surface of the cathode-ray tube 1 is spray-coated, 
using a spray gun 3, a solution for forming a film fed from a storage tank 8 for the solution. The film-formed 

50 cathode-ray tube is transferred on the conveyor 4 into the hood 6 provided with an ultraviolet larnip 7 for 
generation of ozone and a light having a wavelength corresponding to the absorption wavelength of Si or 
metal alkoxide solution. There, the tube is irradiated with a light necessary for the curing of the film. The 
storage tank 8 for film-forming solution can store the solutions for forming an anti-reflection film, anti- 
refiection anti-static film, colored anti-reflection film, etc. These solutions can be fed from the tank to the 

55 spray gun 3. 

The method of the present invention is economically advantageous because no heating is required, and 
the apparatus used for the present method can be made into a small size because no heating furnace is 
required. The curing of the film can be accelerated by conducting heating at 100* C or below in aadition to 

9 
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ultraviolet light application. The heating may easily be effected by feeding hot air .nto the hood 6. 
Example 5 

An anti-refiection film was formed in the same manner as in Example 1 by heating the panel surface of 
a cZT-Z l^e at 100 'C dahng the ultraviolet light application. Another anti-reflection - - '-ej 
in me same manner as in Example 1 by heating the panel surface of a cathode-ray tube at 100 C for 30 
mlnutes^Zt the ultraviolet light application. The two films were compared by =f if '"Sj^^'^ '° 
rbrasTon Resistance test and boiling water resistance test. The abrasion resistance test ,s a test fo 
exLr^ ning the hardness and adhesion strength of a film by rubbing the film with a rubber eraser u der a 
oad " kg and measuring the number of going to and fro of the eraser required for causing ftlm peehng^ 
?he boi no water resistance test is a test for examining the denseness of a film by dipping the film m 
LLg Sr a^d measuring the «me re.uired for causing film peeling As -^'^ '^^^^'^ f f^^g ^J^ 
application was peeled off at 200 times (abrasion resistance test) and ,n -'-t^s (boMi g^ w^^^^^ 
resistance test). In contrast, the film obtained without light application was peeled off at 50 fmes (abrasion 
resistance test) and in 15 minutes (boiling water resistance test). 

Example 6 

To 20 ml of an ethanol solution containing 0.5 mole/t of silicon tetraethoxide [SKOC^H^).] was added 
a. a ratp nt 0 2 ml/min, a mixed solution consisting of 20 ml of an ethanol solution containing 0.5 mole/t of 
.a,., and ? m. of an ethanol solution containing 0.1 mole/t of nitric acid. This mixed solution was spray- 
cc^ted on panel surface of a cathode-ray tube. To the coated surface was applied a ''S^j^ f 2 ° "m f^ 
,0 minutes and subsequently a light of 184 nm for 10 minutes. During the light aopl.cat.on he .urfacs was 
kept at 1 00 • C by heating. The thus obtained film had good properties as an ant-reflection film. 

The present method permits the fomiation of an anti-reflection film on the panel surface of a cathode- 
ray ^L Zol heating the surface. Therefore, the cathode-ray tube is not thermally damaged m the 
n er.or AS a resuu, a cathode-ray tube having higher performance than convention^ cathode-ray tubes can 
produced at a high yield. Moreover, the present method for anti-reflection film format, on is economical 
because it requires no heat treatment step, and can use a small apparatus in effecting the method. 

Example 7 

Tetraethoxysilane, water, ethanol and nitric acid were mixed in a molar ratio of J : 12 : *5 • a25 to 
-5 obtain a solution of starting materials. Metal cluster compounds containing Si-O-S, linkages were formec m 
heTolution by the reaction between tetraethoxysilane, a metal alkoxide, and -^-.Jl:! -'"J^ 
coated on a substrate to form a film. The analysis of the film, which has not yet sub,ected t° ^eat^^a ment 
and irradiation of light, by solid ^Si-NMR revealed that the ratio between Q^. Q3 and Q. was ^out 1J6. 3^ 
Calculation based on the data showed that the total number of Si-O-Si linkages per s.l.con atom and the 
40 number of Si-OH linkages per silicon atom were about 1 .8 and about 0.4, respectively. 

Thereafter, the thin film was heat-treated while irradiated with lights of 254 nm and 184 ""^ f 
Rg 3 Shows the ultraviolet light absorption spectrum of the thus prepared film. It is seen that *e ^J^^J'^'^' 
light absorption of the thus prepared film is less intense than that of the film prepared according tc jhe 
.5 conventional method. It is also seen that the absorption at a wavelength of 190 nm ,s less intense than that 
at a wavelength of 250 nm. 

Fiq 4 shows the relationship between the heating temperatures and the numbers of bending Si-O-Si 
linkages per silicon atom, the numbers of bending and straight Si-O-Si linkages per silicon atom and the 

so numbers of Si-OH and bending and straight Si-O-Si linkages per silicon atom. It is seen t^^^ t ac=°"^'"9 '° 
the method of the present invention, heat-treatment at about aO'C Is sufficient to obtam a Im conta^^n ng 
not less than 70% of straight Si-O-Si linkages, wherein the presence of the straight S.-O-Si linkages m the 
film increases the film strength. Fig. 4 was drawn based on the Raman spectra presented in Fig^5 and .he 
dependency of the Raman shift on the heat-treatment temperature presented in Fig, 6, In ^'9- ^-^f^^ 

55 absorption peak in the vicinity of 810 cm"' is assigned to the symmetric stretching vibration of S.-O-Si 
linkage, that in the vicinity of 980 cm- is assigned to Si-OH linkage, and that in the vicinity of 1045 cm 
assigned to the asymmetric stretching vibration of Si-O-Si linkage. On drawing Fig. 4. it is assumed that (i) 
all the Si-O-Si linkages in the film before the heat-treatment are bending, (ii) all the Si-O-Si linkages .n me 
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film prepared by drying at 200 'C or more are straight and (iii) in the conditions between (i) and (ii), the ratio 
of the numbers of bending and straight Si-O-Si linkages continuousty changes depending on the ratio of 
peak intensities at each of the corresponding wavenumbers of Raman shift, in Fig. 6 that demonstrates the 
dependency of the Raman shift of the symmetric stretching vibration on the heating tennperature. 

5 Some or the films of Fig. 4 were subjected to an etching test with hydrofluoric acid. The etching was 

carried out at ordinary temperature ■ using 0.098% by volume of hydrofluoric acid. The etching speed 
depends on the heat-treatment temperature as seen in Fig. 7. Fig. 7 demonstrates that although the etching 
speed is noticeably reduced at heat-treatment temperatures between ordinary temperature and 80' C. it 
changes little at heat-treatment temperatures not lower than 80 'C. The fact closely relates to the nnanner 

10 that the number of straight St-O-Si linkages in the film increases with increasing heat-treatment temperature. 
Ail the films, which had been heat-treated at various temperatures, did not fluorescent when irradiated by 
argon gas laser at an output power of 1 00 mW. 

Example 8 

TS 

Tetraethoxysilane. water, ethanol and nitric acid were mixed in a molar ratio of 1 : 12 : 45 : 0.25 to 
obtain a solution. Fine particles of tin oxide having a diameter of 0.1 um or less and fine particles of 
antimony oxide having a diameter of 0.1 um or less were mixed so that the percentage of antimony relative 
to tin is 5% by mole, to obtain mixed particles. The mixed particles were added to the solution in an 

20 equivalent amount to tetraethoxysiiane and uniformly distributed in the solution to obtain a mixture of 
starting materials. Metal cluster compounds containing Si-O-Si linkages were formed in the mixture by the 
reaction between tetraethoxysiiane, a metal alkoxide, and water. The mixture was spin-coated on a substrate 
and heat-treated while irradiated with the light to form a film. The film contained eiectroconductive tin oxide 
and antimony oxide uniformly distributed in silica matrix. The resistance of the film was 10^ Q per unit 

25 surface area. 

Example 9 

Tetraethoxysiiane, water, ethanol and nitric acid were mixed in a molar ratio of 1 : 12 : 45 : 0.25 to 
obtain a solution. Fine particles of indium oxide having a diameter of 0.1 um or less and fine particles of tin 
oxide having diameter of 0.1 um or less were mixed so that the a percentage of tin relative to indium is 5% 
by mole, to obtain mixed particies. The mixed particles were added to the solution in an equivalent amount 
to tetraethoxysiiane and uniformly distributed in the solution to obtain a mixture of starting materials. Metal 
cluster compounds containing Si-O-Si linkages were fornned in the mixture by the reaction between 
tetraethoxysiiane, a metal alkoxide, and water. The mixture was spin-coated on a substrate and heat-treated 
while irradiated with the light to form a film. The film contained eiectroconductive indium oxide and tin oxide 
uniformly distributea in silica matrix. The resistance of the film was 10- n per unit surface area. 
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Example 10 



An antistatic film was formed on the panel surface of a cathode-ray tube by spin-coating the mixture of 
starting matehais in Example 8 and heat-treated while irradiated with the iight. An anti-reflection film having 
a rough surface was formed on the antistatic film by spray coating the solution of starting materials in 
Example 7 and heat-treated while irradiated with the light. The thus prepared cathode-ray tube was free 
45 from the troubles In the inside of the tube caused by the conventional heat-treatment at elevated 
temperatures and showed desirable performances. 

Example 11 

50 An antistatic film was formed on the panel surface of a cathode-ray tube by spin-coating the mixture of 
starting matenals in Example 9 and heat-treated while irradiated with the light. An anti-reflection film having 
a rough surface was formed on the antistatic film by spray coating the solution of starting materials in 
Example 7 and heat-treated while irradiated with the light. The thus prepared cathode-ray tube was free 
from the damages given to the interior of the cathode-ray tube such as distortion and warp caused by the 

55 conventional heat-treatment at elevated temperatures and showed oesirable performances. 
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Example 12 

An insulatina film was formed on transparent electrodes by printing the solution of starting rnaterlals in 
P ,^01^ 7 aTd hS-"eated while irradiated with the light. On the insulating film was prov.ded a ceH 
, ^ontainino liq id c^tl motcules sandwiched between substrates with oriented films to prepare a hqu.d 
T.rd?sr^lav The ?us prepared display with an insulating film was free from the damages given to the 
■:::;^r X:c^^^^^^^ a' istortlon and warp caused by the conventional heat-treatment at 

elevated temperatures and showed desirable performances. 

to Example 13 

(1) Anti-reflection antistatic film (two-layer structure) 

Providing an anti-reflection antistatic film of Example 8 on the panel surface of a ^^^Z^^^ '^^^^^l 
providing an anti-reflection film of Example 7 on the anti-reflection antistatic film give a cathode-ray tuoe 
exhibitinq improved anti-reflection property, high strength and antistatic function. . „ n=,n^i 

The films were provided according to Examples 7 and 8. An antistatic film was formed on me panel 
.urfJce of a caLde-ray tube by spin-coating the mixture of starting materials in Example 8 and heat- 
! hii. i^adVaid wi* the light An anti-reflection film was formed on the antistatic film by spray- 

coatg ; solS 0^^^^^^^^^^ Example 7 and heat-treated while irradiated with the light. Thus 

S.e7o Is w re accumulated on the cathode-ray tube. The anti-reflection antistatic film containing tin 
^rh;, T rpTractive index of about 2.0. The anti -reflect! on film containing silica has a refractive index of 
°about 5 ^eX t e l surface of the thus obtained cathode-ray tube showed a lovver retractive -n ex 
t?an hat oSoie-ray tubes having a one-layer film. The outermost anti-reflection film also p ayed the role 
Of a protective f^m so that the thus obtained cathode-ray tube were of higher lasting quality than cathode- 
ray tubes having a one-layer film. 

(2) Colored anti-reflection film (two-layer stnjcture) 

A one-layer colored anti-reflection film was formed on the panel surface of a cathode-ray 9 
to Example 9 On the colored anti-reflection film was formed an anti-reflection film o silica according to 
Exaripr7 to Obtain accumulated films of two-layer structure. The outermost anti-retlection film of si ica 
protects te colored anti-reflection film, so that the thus obtained cathode-ray tube were of higher lasting 
quality than cathode-ray tubes having a one-layer colored anti-reflection film. 

Claims 

1. A method for forming an anti-reflection film (2) on the panel surface of a cathode-ray tube (1). which 

'TATl'pira'soiution (8) for forming an anti-refiection film (2). which contains water and an 

alkoxide having the formula, 

M(OR)n 

wherein M is Si or a metal selected from the group consisting of Ti, Al. Zr, Sn, la Sb and Zn; R is 
an aikyi group having MO carbon atoms: n is an integer of from 1 to 8; and when n .s not 1, ihe 
alkyi group represented by R may be the same or different. 

(B) coatmg the solution (8) for forming an anti-reflection film (2) on the outermost surface of the 
panel of a cathode-ray tube (1). and rho 

(C) applying an ultraviolet light to the solution (8) for forming an anti-reflection film (2) coated on ihe 
panel surface to cure the solution to form a transparent fiim with fine roughness. 

The method of claim 1 . wherein the step (B) includes the steps of: 

forming an antistatic film on the surface of the panel of a cathode-ray tube and 
coating the solution (8) for forming an anti-refiection film (2) on the antistatic film. 

The method of claim 1 or 2, wherein the step (A) includes the step of adding an organic dye into the 
solution (8) for forming an anti-reflection film (2). 

12 
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4. The method of cfaim 1. wherein the step (B) includes the steps of: 

forming an under coat layer containing an organic dye on the surface of the panel of a cathode-ray 
tube (1), and 

coating the soiution (8) for forming an anti-reflection film (2) on the under coat layer. 

5 

5. The method of claim 2. wherein the step (B) includes the steps of: 

forming an under coat layer containing an organic dye on the surface of the panel of a cathode-ray 
tube (1), 

forming an antistatic film on the under coat layer, and 
10 coating the soiution (8) for forming an anti-reflection film (2) on the antistatic film. 

6. The method of any one of claims 1 to 5. wherein all of the steps (A). (B) and (C) are conducted in an 
atmosphere of 100' C or below. 

15 7. The method of any one of claims 1 to 6, wherein the step (A) includes the step of applying an 
ultraviolet light to the solution (8) for forming an anti-reflection film (2). 

8. The method of any one of claims 1 to 7, wherein the step (A) includes the step of selecting silicon as 
in the aikoxide. 



20 



9. The method of any one of claims 1 to 8, wherein the step (B) includes the step of selecting spraying as 
the coating method. 

10. An apparatus for forming an anti-reflection film (2) on the panei surface of a cathode-ray tube (i). which 
comprises: 

(a) a coating means (3) for coating on the outermost surface of the panei of a cathode-ray tube (1) a 
solution (8) containing water and an aikoxide having the formula, 

M(OR)n 



20 



wherein M is Si or a metai selected from the group consisting of Ti, Ai, 2r, Sn, In, Sb and Zn; R is 
an alkyi group having 1-10 carbon atoms; n is an integer of from 1 to 8; and when n is not l, the 
alkyi groups represented by R may be the same or different, 

(b) a transferring means (4) for transferring the solution-coated cathode-ray tube (1), and 
35 (c) an ultraviolet iight-applying means (7) for photocuring the soiution (3) coated on the cathode-ray 

tube (1) during the transfer of the solution-coated cathode-ray tube. 

11. An apparatus according to claim 10, which further comprises: 

{d) a heating means for heating the solution coated on the cathode-ray tube during the application of 
40 an ultraviolet light to said solution. 

12. A cathode-ray tube (1) having an anti-reflection film (2) made of alkali-free silica on the outermost 
surface of the panel, said anti-reflection film (2) giving a ratio of Si-O-Si peak intensity to Si-OH peak 
intensity of 4 or more when measured for infrared spectrum. 

45 

13. A display which compnses a film (2) mainly composed of silica which film absorbs a light having a 
wavelength of 250 nm more intensely than a light having a wavelength of 190 nm. 

14. A display which compnses a film (2) mainly composed of silica which film does not substantially 
50 fluorescent when irradiated by argon gas laser at an output power of 100 mW. 

15. A display which comprises a film (2) mainly composed of silica, 

the percentage of the number of bending Si-O-Si linkages in the film (2), which linkages give an 
absorption peak corresponding to its asymmethc stretching vibration when analyzed by Raman 
55 spectroscopic analysis, relative to the total number of straight and bending Si-O-Si linkages in the film 
determined by Raman spectroscopic analysis being not more than 30%, and 

an absorption peak corresponding to the symmetric stretching vibration of Si-O-Si linkages 
appearmg at a region of which frequency is not lower than 81 2 cm~\ 

13 
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16. The display of claims 13-15. wherein the film (2) further comprises at least one metal oxide other than 



silica. 



17. The display of claim 16. wherein the metal oxide other than silica is at least one metal oxide selected 
from the group consisting of indium oxide, tin oxide and antimony oxide. 

18. A cathode-ray tube (1) having an antistatic function and anti-reflection function which cornprises: 
at least one electroconductive film fom^ed on the panel surface of a cathode-ray tube (1), selected 

from the group consisting of: 

(i) a film mainly composed of silica which film absorbs a light having a wavelength of 250 nm more 
intensely than a light having a wavelength of 190 nm and further comprises at least one metal oxide 
selected from the group consisting of indium oxide, tin oxide and antimony oxide, ^. , , . 

(il) a film mainly composed of silica which film does not substantially fluorescent when irradiated by 
argon gas laser at an output power of 100 mW and further comprises at least one metal oxide 
selected from the group consisting of indium oxide, tin oxide and antimony oxide, and 
■ (ili) a film mainly composed of silica which film further comprises at least one metal oxide selected 
from the group consisting of indium oxide, tin oxide and antimony oxide, 

the percentage of the number of bending Si-O-Si linkages in the film, which linkages give an 
absorption peak corresponding to its asymmetric stretching vibration when analyzed by Raman 
spectroscopic analysis, relative to the total number of straight and bending Si-O-S, linkages in the 
film determined by Raman spectroscopic analysis being not more than 30%, and 

an absorption peak corresponding to the symmetric stretching vibration of S.-0-Si linkages 
appearing at a region of which frequency is not lower than 812 cm and 

at least one film formed on the electroconductive film so as to have a rough surface, selected 

25 from the group consisting of: , . , o=n nm 

(i-) a film mainly composed of silica which film absortDS a light having a wavelength of 250 nm 
more intensely than a light having a wavelength of 190 nm and is free from a metal oxide other 

fiira'film mainly composed of silica which film does not substantially fluorescent when irradiated 
by argon gas laser at an output power of 100 mW and is free from a metal oxide other than silica, 
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(iin a film mainly composed of silica which film is free from a metal oxide other than silica. 

the percentage of the number of bending Si-O-Si linkages in the film, which linkages give an 
absorption peak corresponding to its asymmetric stretching vibration when analyzed by Raman 
spectroscopic analysis, relative to the total number of straight and bending S.-O-Si linkages in .he 
film determined by Raman spectroscopic analysis being not more than 30%, and 

an absorption peak corresponding to the symmetric stretching vibration of Si-O-Si linkages 
appearing at a region of which frequency is not lower than 812 cm"'. 

A liquid crystal display which comprises: at least one insulating film formed on transparent electrodes, 
selected from ttie group consisting of: 

(i") a film mainly composed of silica which film absorbs a light having a wavelength of 250 nm more 
intensely than a light having a wavelength of 190 nm, ^. ^ ^ ^ 

(ii") a film mainly composed of silica which film does not substantially fluorescent when irradiated by 
45 argon gas laser at an output power of 100 mW, and 

(iii") a film mainly composed of silica, 

the percentage of the number of bending Si-O-Si linkages in the film, which linkages give an 
absorption peak corresponding to its asymmetric stretching vibration when analyzed by Raman 
spectroscopic analysis, relative to the total number of straight and bending Si-O-Si linkages in the 
so film determined by Raman spectroscopic analysis being not more than 30%, and ...... 

an absorption peak corresponding to the symmetric stretching vibraton of Si-O-Si linkages 
appearing at a region of which frequency is not lower than 812 cm and 

a cell comprising liquid crystal molecules sandwiched between substrates with onented films, 
formed on the insulating film. 
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FIG. I 
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FIG. 3 
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0 Method and apparatus for forming an anti- reflection film for a cathode- ray tube. 



0 An anti - reflection film (2) is produced on the 
panel surface of a cathode -ray tube (1) by: 

(A) preparing a solution (8) for forming an anti - 
reflection film (2), which contains water and an 
rO alkoxide having the formula, 
< 

CO 

O wherein M is Si or a metal selected from the 

^ group consisting of Ti. Al. Zr, Sn, In. Sb and Zn; 

CO R is an alkyi group having 1-10 carbon atoms; n 

^ is an integer of from 1 to 8; and when n is not 1 , 

O the alkyl groups represented by R may be the 

^ same or different, 
lL 

^ (B) coating the solution (8) for forming an anti - 
reflection film (2) on the outermost surface of the 
panel of a cathode -ray tube (1), and 



(C) applying an ultraviolet light (7) to the solution 
(8) for forming an anti - reflection film (2) coated 
on said surface to cure the solution to form a 
transparent film with fine roughness. 
This production method is carried out using an 
apparatus having: 

(a) a coating means (3) for coating the above 
solution (8) for forming an anri - refieciion film (2) 
on the outermost surface of the panel of a 
cathode -ray tube (1). 

(b) a transferring means (4) for transferring the 
solution - coated cathode - ray tube (1 ), and 

(c) an ultraviolet light - applying means (7) for 
photocuring the solution (8) coated on the 
cathode -ray tube (1) during the transfer of the 
solution - coated cathode - ray tube. 

In the aoove method, when a silicon aikoxide is 



Rank Xerox (UK) Business Services 

(3. to/2.5/2.3, n 



EP 0 

used as the metal alkoxide, there can be obtained a 
cathode -ray tube having an an ti - reflection film 
made of alkali -free silica on the outermost surface 
of the panel, said anti - reflection film giving a ratio 
of Si -O- Si peak intensity to Si -OH peak intensity 
of 4 or more when measured for infrared spectrum. 

Further embodiments include an antistatic layer 
and the inclusion of an organic dye into the anti- 
reflection film. 
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1. Claims 1-11 : Method & apparatus for forming an anti- 

reflective coating on a CRT, cured 
using UV light. 

2. Claims 12-19 : Display device having coatings with 

specific physical & optical properties. 
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